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Pancreatic Response in Rats and
It is well established that short-term ingestion of raw soy flour and plant trypsin inhibitors by rats, mice, chicks and other species greatly stimulates the exocrine pancreas, leading to increased enzyme production, organ enlargement and cellular hyperplasia (1) (2) (3) . Factors in soy besides trypsin inhibitor ITI) have been suggested to contribute to the observed trophic effect on the pancreas and include poorly digested protein 131, lectin 14) ABSTRACT The effects on the pancreas of chronic (95 wk) dietary exposure to protease inhibitors from soy and potato were compared in rats and mice. Soy and potato trypsin inhibitor (TI) concentrates were prepared from defatted raw soy flour and potato juice. respectively. by selective precipitation and ultrafiltration. Animals were fed a diet in which casein supplied approximately 20% protein.
Each concentrate « 1% of the diet) was added to provide 100 and 200 mg of trypsin inhibitor activity per 100 g of diet-In short-term (28 d) experiments in rats. both sources of TI decreased the apparent nutritional quality of casein and produced pancreatic hypertrophy consistent with a hormonally mediated feedback mechanism for pancreatic adã ptation to diet that is interactive with the nutritional status of the animal. After long-term feeding (95 wk). soy and potato TI produced dose-related pancreatic pathology in rats consisting of nodUlar hyperplasia and acinar adenoma. which was typi~al of that associated with raw soy flour. Although mice responded similarly to rats to soy TI in short-term (28-d) feeding experiments. they were resistant to the formation of these lesions following long-term feeding. This considerable species variation in propensity to develop preneoplastic and neoplastic lesions of the pancreas Is not predicted by the short-term hypertrophic and hyperplastic response of the pancreas to TI. J. l'Iutr. 119 6 ). The pancreatic changes associated with short-term dietary exposures to TI are postulated to be adaptive responses to diet involving a feedback mechanism that is sensitive to TI activity in the intestine and that is under the hormonal control of the gastrointestinal endocrine system . Evidence indicates that this regulatory mechanism operates primarily through the hormone cholecystokinin (CCK) and is generally present in animals (10) and probably man . Long-term feeding of raw soy preparations to rats results in the development of hyperplastic and neoplastic nodules of the pancreas 114-161, including carcinoma 16, 17, 18) , which arise from the stimulated pancreas hy mechanisms poorly understood.
We have shown in chronic studies with soybean preparations that the incidence of hyperplastic nodules and acinar adenoma in the rat is highly related to the TI Content of the diet and influenced by dietary protein level (151. Soy protein isolate from which TI has been extracted to yield a product srill containing raw soy protein but with unusually low inhibitor content induced a lower incidence of pancreatic lesions than did unextracted material 116). Thus, the relative effects of the two raw soy products were in accord with dietary TI concentration and consistent with the idea that perhaps TI activity alone is sufficient to caUSe the observed changes in the pancreas.
We report here studies designed to show whether a concentrated TI preparation from soy, lacking approximately 90% of the constituents found in raw, defatted soy flour, could reproduce the pancreatic changes observed earlier in rats. An inhibitor concentrate prepared from potatoes was included to determine if a non-soy source of TI would produce an equivalent pancreatic pathology, as predicted by the feedback mechanism stimulating pancreatic function. Potatoes,like soy, also contain potent inhibitors of pancreatic digestive proteinases (191 neoplastic changes of the pancreas in response to dietary 11 is apparently great in rats, comparable information regarding other species is lacking. Thus, in parallel studies, we have included mice Simultaneously fed the same diets. Results of short-and long-term feeding experiments are discussed in context with the hormonally mediated feedback mechanism and its interaction with protein metabolism.
MATERIALS AND METHODS
Materials. Soy and potato 11 concentrates were prepared at the USDA Northern Regional Research Center, Peoria, IL. 11 was concentrated from defatted soy flour through a process of acid precipitation and "salting in" with sodium chloride, followed by ultrafiltration to remove low-molecular-weight components, and freezedrying (201. Potato 11 concentrate was prepared from potato julce by precipitation and removal of non-11 proteins at pH 3.5. The soluble fraction, which contained no glycoalkaloids, was then subjected to ultrafiltration to remove low-molecular-weight components and freeze-dried 121, 221. Raw, defatted soy flour was obtained from Archer Daniels Midland, Decatur, IL. These three 11 sources were stored at -23'C until used and were analyzed for 11 activity after 12 and 24 mo by the in vitro method of Kakade et Animals. Short-term nutritional studies were conducted with weaniing male Sprague-Dawley-derived rats and weanling male Swiss-Webster outbred mice (Simonsen Laboratories, Gilroy, CAl, strains utilized routinely in our laboratoty for similar nutritional assays. For the chronic feeding studies (95 wk), 21-d-old male outbred albino Wistar Crl:COBS R (WII Br rats, the same strain used previously in long-term investigations 115, 161, and 21-d-old male B6C3Fl/CrlBR hybrid mice were obtained from Charles River Breeding LaboratOries, Wilmington, MA. The mice were selected with consideration given to historical, background tumor incidence, which indicated no propensity towards spontaneous pancreatic neoplasia 1Charles River Laboratories, private communicationl. Rats were housed singly Ishort-term studies I and two per cage (chronic study) in stainless steel, wire-bottomed cages. Mice were housed one or two per cage Ishort-term studies) and four per cage Ichronic studYI in solid-bottomed polycarbonate cages with stainless steel wire covers.
The 21-d-old rats and mice for the chronic studies were quarantined 20 and 21 d, respectively, after which 44 ratS and 40 mice were randomly assigned to each of seven dietary treatments for a total of 308 rats and 280 mice. Feed and water were offered ad libitum throughout the 95 wk. The animal rooms were maintained at 23 :!: 2'C and 50 :!: 10% relative humidity, with a 12-h dark/light cycle. Body weight and food intake were measured weekly, and clinical signs were monitored dally. Four rats from each dietaty group were killed at 52 wk.
Diets. Diets for short-term studies were prepared inhouse shortly before use and contained the following: casein (New Zealand Milk Products, Petaluma, CAlor amino acids 1251, or casein/soy flour mixtures; complete vitamin mixture, 2% 125 I; choline chloride, 0.2%; nonnutritive fiber Icellulose), 3%; com oil, 8%; AlN-76 mineral mixture, 5% 1261; added water, 5%; corn starch, 20% IBuffalo Corn Starch, CPC International, Englewood Cliffs, NTI; and dextrose to make 100%. In addition to the above suppliers, other dietary ingredients for short-term animal bioassays were obtained from U.S. Biochemical and leN Nutritional Biochemicals, Cleveland, OH. Variations in protein or amino acid content and additions of the 11 sources were made at the expense of com starch and dextrose.
For the chronic studies, each of the three 11 sources was added to casein-based diets to provide 100 and 200 mg 11/100 g. A seventh diet was the casein-based diet without 11 additions, which was also fed to all animals during quarantine. The diets were prepared without addition of the two 11 concentrates by Purina Test Diets, Richmond, IN at approximately 4-mo intervals and stored upon receipt at -23'C. 11 concentrates were blended into these premixes in-house prior to use. The composition of the diets for chronic studies ITable 11, in addition to protein and 11 source, was as follows: glucose, 15.0%; nonnutritive fiber, 5.0%; corn oil, 5.5%; lard, 2.5%; DL-methionine, 0.05%; vitamin mixture, 2.0%; choline chloride, 0.2%; mineral mixture, 5.0%; and dexttin to make 100% 1271. The antioxidant Tenox 24 was added to provide 5 flog of 2-tert-burylhydroquinone and 5 flog butylated hydroxyanisole per g of diet, levels preViously found effective in stabilizing the diet 1271. Histology. Animals from the cmonic studies were necropsied without prior fasting. They were exsanguinated via the brachial anery after ether anesthesia. Those found moribund were euthanized in order to minimize loss of tissues for histological examination. Pancreata were then removed, carefully trimmed free of any fatry tissue and weighed. For histological examination, all pancreata were preserved in 10% buffered neutral formalin, embedded in paraffin, sectioned and stained with hematoxylin and eosin. Histological evaluations were made "blind", without reference to treatment. Criteria for classifying lesions, with photographic documentation, have been presented previously 116, 28). For the tWO principal pancreatic lesions noted, nodular hyperplasia denotes focal areas of cellular proliferation, while acinar adenoma is a benign neoplastic lesion possessing some or all of the following characteristics: evidence of rapid proliferation causing compression of surrounding tissue into a capsule, increased frequency of mitotic figures, substantial deviation from normal acinar cell architecture, and alterations in cytology.
StatistiClll methods. Data were analyzed by the General Linear Model procedure for analysis of variance and covariance 129). Mean data were compared by Duncan's multiple range test 130). Categorical data for tumor incidence rates for animals surviving to termination of the long-term studies at 95 wk were analyzed by Fisher's exact test 131) and for treatment effects by the CATMOD procedure 132). Tumor incidence rates for all animals from the cmonic studies, regardless of time on test, were analyzed for treatment effects by the trend test of Peto et al. 133 ). Mortality differences were compared by the life table methods of Cox 134) using the Proportional Hazards General Linear Model procedure 135).
RESULTS
Short-Term Studies
Nutritional aspects of TI sources in rats. The nutritional consequences of feeding the' wee TI sources in the cmonic smdies reported here were investigated in short-term growth assays in weanling rats. To determine the effect of the soy and potato TI concentrates on protein utilization, casein-based diets containing these concentrates were fed to rats for 28 d, and the protein effiCiency ratio IPER) was calculated 136)ITable 2). The test diets contained 10% total protein and provided 100, 200 or 400 mg TIl100 g. Pancreatic weight at the end of 28 d was also measured. The PER, or apparent utilization of casein Iweight gain per g of casein ingested), was essentially constant in the two casein control diets, which provided 8.7 and 10% protein. In the presence of soy TI concentrate, PER was decreased below that expected for casein, especially at 400 mg TIl 100 g. With potato TI concentrate, PER was signifi- candy decreased at all T1 levels. Both TI concentrates increased pancreatic weight, which was positively correlated to dietary level of TI IP < 0.0001).
The effects of raw soy flour in the diet when the concentration of soy protein was increased at the expense of caseIn are shown in Table 3 . Total protein was held constant at 10%. As expected, PER and body weight gain rapidly decreased as the ratio of soy to casein protein increased. This in turn reflected the low nitrogen digestibility of raw soy protein. The PER of protein from raw soy flour used in these studies was approximately 40% of that of casein. Because a significant amount of nutritionally available protein was provided by raw soy flo.ur, calculation of changes in the apparent utilization of casein brought about by TI, as done in Table 2 , would not be meaningful. Pancreatic weight in rats fed soy flour increased with level of dietary TI, as was observed with feeding the TI concentrates.
Previous work has shown that dietary protein level influences the incidence of pancreatic lesions associated with soy TI in long-term feeding smdies in rats 116). Therefore, it was of interest to determine how proteIn level might modulate the nutritional effects of soy TI concentrate. Rats were fed increasing amounts of soy TI concentrate in diets containing 10, 20 or 30% protein from casein ITable 4). In agreement with the results reported in Table 2 , the presence of soy TI concentrate in diets containing 10% protein produced an anti-nutritional effect by reducing the apparent utilization of casein IPER). However, in this experiment the reduction in PER was statistically significant when the diet contained 2: 200 mg TIll 00 g. Increasing the protein content from 10 to 20% improved the nutritional quality of the diets in terms of body weight gain, which (Table 51 . Pancreatic weight after 28 d was increased; however, the increase was statistically significant only for soy 11 concentrate.
The influence of protein level on the observed antinutritional action of soy TI concentrate was also investigated. Free amino acid diets, as well as caseinbased diets, were included in order to examine whether distuption of protein digestion is a factor. Figure 1 shows the effect on body weight gain of mice fed graded levels of 11 from 100 to 800 mg 111100 g diet for 14 d. The two types of diets, based on either protein (caseinl or amino acids, were formulated to provide both low and high levels of nitrogen. Although the casein diets were somewhat nutritionally superior to those containing 
Long-Term Studies
generally increased when the protein or amino acid content of the diets was increased (analysis for effects of nitrogen level, P < 0.00031. Thus, as with rats, nutritional improvement of the diets, in terms of nitrogen level, resulted in a preferential increase in absolute pancreatic weight over body weight gain. In response to dietary TI, pancreatic weight showed a trend overall to increase with dosage (covariance analysis of TI effect, P < 0.011, which was evident within each type of diet, except the low nitrogen, amino acid diet. The magnitude, however, was less than that observed in the 28-d experiment (Table 51. lWithin either amino acid or protein diets, means not sharing a common superscript letter are significantly different, P < 0.05 1301. SEM for both types of diets was :: 0.05% i six mice per group fed 14 d.
2Low and high nitrogen amino acid diets provided a total of 10 and 20% dietary amino acids, respectively, and a complete mixture of essential and nonessential amino acids 125}.
3Low and high nitrogen casein diets were isonitrogenous with the tWO amino acid diets.
Mortality, feed consumption and body weight gain. Morta!'ty over the 95-wk study was not related to dietary TI level or to TI source, as analyzed by lifetable regression (35}. Also, the death rate between species was not significantly different. Analysis of the final mortality rates within individual diets using Fisher's exact test ITabIe 7} revealed that the number of deaths was significantly increased in rats fed potato TI concentrate at 200 mg TI/100 g diet and In mice fed soy TI concentrate at 100 mg TI/lOO g diet compared with controls fed casein alone. That these results may be spurious is indicated by an overall analysis by life-table regression of mortality patterns within diets, which amino acids in terms of relative weight gain, similar results were obtained with each. With both types of low nitrogen diets, soy TI concentrate brought about a marked reduction in body weight gain that was proportional to TI level (regressions on TI concentration were highly significant, P < 0.00011. At 800 mg TI per lOO g of diet, growth inhibition was severe. With both types of high nitrogen diets, however, the growth inhibition induced by TI was completely prevented. In fact, slight growth stimulation related to TI was evident for the high nitrogen, casein diet (P < 0.03}.
Pancreatic weight relative to body weight (Table 61 Feed consumption caiculated on a body-weight basis declined in the young growing rats and mice for ap· proximately the first 23 wk, then stabilized for the remainder of the study. During this stabilized period, feed consumption (mean :!: SEMI was 21.3 :!: 0.3 and 4.1 :!: 0.1 g/(animai·dl or, expressed relative to body weight, 31.9 :!: 0.5 and 88.6 :!: 2.0 g/lkg body weight·dl for rats and mice, respectively. Differences among the seven test diets appeared unrelated to TI level and were not statistically significant.
Body weight gain throughout the chronic study is summarized in Table 8 . The short-term studies indicated that 20% protein in the diet prevented growth inhibition associated with TI, except perhaps in mice (Table 51 . Upon extended feeding, however, a slight adverse effect of the three TI sources in the diet was detected. In both rats and mice, weight gain was frequently a little less when diets contained TI. Differences were occasionally significant in mice.
Pancreatic weight. Pancreatic enlargement in rats was shown to be induced in the short-term studies by the three TI sources. As indicated by data at 52 and 95 wk (Table 9) , pancreatic hypertrophy was sustained throughout chronic feeding and was related to the level of TI. No significant difference in response could be attributed to TI source. In mice, the extent of pancreatic enlargement after long-term exposure to dietary TI was less than that in rats. At 95 wk (Table 91 , pancreatic weight associated with soy TI concentrate and soy flour was elevated at 200 mg TIIlOO g diet, compared with the response to the diet with no TI. The differences were small and not significant, however. Pancreatic enlargement was not evident after extended feeding with potato TI concentrate.
Pancreatic histology. Pancreatic lesions observed in rats surviving 95 wk and potentiated by dietary TI were 
DISCUSSION
Our previous studies with soy flour and soy protein isolate established dose-response relationships for the 60 80 100 to either TI level or source. A single incident in rats of pancreatic malignancy (acinar adenocarcinoma) was present in each of the seven dietary groups, except the one with no added TI source and the one containing potato TI concentrate at 100 mg/lOO g diet; this rate was too low to discern effects related to treatment.
M<J
limited to nodular hyperplasia and acinar adenoma, as in previous studies 115, 16 ). All three sources of TI were associated with significant elevations in the incidence of these two lesions (Fig. 2, 3 )(31). Except for nodular hyperplasia in rats fed raw soy flour, tumor incidence was highly related to TI dose 132). Trend analysis of pancreatic tumor rates for all animals in the study regardless of time of death 133) also showed that dietary level of TI for each TI source was a highly significant factor in the development of nodular hyperplasia and acinar adenoma. Differences in response to the three TI sources were not significant. For the four rats per dietary group killed at 52 wk, nodular hyperplasia was present in one from the soy TI concentrate diet 1100 mg TI) and from the soy flour diet (200 mg TI). Acinar adenoma occurred in one animal from the soy flour diet 1200 mg TI). Thus, these data obtained midway through the study generally support the findings at 95 wk, although they are without statistical significance.
In mice at 95 wk, the rate for nodular hyperplasia was dramatically less and without apparent relationship to treatment IFig. 4). Pancreatic acinar adenoma was not observed in mice.
Other pancreatic lesions observed histologically for which the incidence was at least three in anyone of the dietary groups at time of killing were acinar cell atrophy and islet cell adenoma in rats, and pancreatitis and acinar cell atrophy and hypertrophy in mice. The incidence of acinar cell atrophy in rats and pancreatitis in mice decreased in the presence of the TI sources. Islet cell adenoma in rats and acinar cell atrophy and hypertrophy in mice showed no apparent relationship methionine and cystine, which are present in pancreatic proteases in relatively high amounts Ill. That growth inhibition was still induced when soy TI concentrate was fed to mice in free amino acid diets (Fig.  1J , where protein digestibility was not a factor, is consistent with the view that essential nutrients are lost 1391. It follows that dietary enrichment with additional protein or sulfur amino acids can be expected to overcome TI-induced growth inhibition 13, 16, 40-421, as was demonstrated in the present experiments with soy TI concentrate ITable 4, Fig. l) .
Current knowledge supports the schematic su=ary shown in Figure 5 for the nutritional interaction of protein metabolism with the regulation of pancreatic function as it applies to the action of protease inhibitors in rats. This action is mediated through a negative feedback stimulation of the pancreas by means of the hormone cholecystokinin ICCK) (7-91. Control is effected at the site of endocrine glands located within the mucosa of the upper small intestine where pancreatic proteases are believed to repress the release of CCK 143, 441. Repression is most likely indirect, through the destruction of CCK releasing factors, protease-labile polypeptides from the pancreas or small intestine 148, 491 that act on the endocrine sites, causing the release of CCK (SOl. Thus, as indicated in Figure 5 , substances in the diet that can decrease the intestinal concentration of unbound proteases, such as protein or protease inhibitors, in turn bring about decreased destruction of CCK releasing factors, resulting finally in increased blood levels of CCK. Experimentally, oral administration of both casein (51, 521 and TI has been shown to increase plasma CCK levels in the rat. development of pancreatic lesions in rats which extended to relatively low levels of TIllS, 161. This information made it possible to choose minimal levels for the investigation of the long-term response of the pancreas to TI concentrates derived from soy and potato. Major shifts in the nutritional composition of the diets to be compared were avoided by using casein as a constant source of protein. in short-term studies with rats, soy and potato TI concentrates at levels equal to those fed to rats in chronic studies were capable of decreasing the apparent nutritional quality of casein ITable 2, 41. Rather than any actual reduction in the digestibility or utilization of casein, however, this effect is best explained by the loss of inhibitor-bound pancreatic proteases through excretion in the feces and the compensatory synthesis and hypersecretion of such enzymes brought about by TI ingestion (I, 2, 37, 381. The end result of this hypersecretion is nutritional stress due to the loss of essential amino acids, particularly The trophic action of CCK for the acinar pancreas is ilarities in adaptive responses to soy Tl concentrate well established 19, 56, 57) . CCK is believed to trigger consisting of pancreatic enlargement ITable 5, 91 and a chain of events leading to increased enzyme secretion, growth inhibition, which could be ameliorated through increased protein synthesis and, eventually, in rats, increased dietary amino acids or protein IFig. 1). Hasdai pancreatic hypertrophy, hyperplasia 158, 59) and neoand Liener 174) have reported that mice are resistant to plastic changes 160). Additional regulation of pancreatic the potentiation of pancreatic neoplasia by raw soy flour function may be achieved through the action of other even when given azaserine, a potent pancreatic carcingastrointestinal hormones 161-631, specific anti-trophic ogen in the rat. Like rats, shorr-term dietary exposure factors also originating in the intestinal mucosa that of mice to raw soy flour and other preparations conrepress the release of CCK 164,65), and neural-cholintaining Tl activity has been shown to retard growth II, ergic mechanisms 143, 46, 61,63, 661.
74-761, stimulate pancreatic enzyme synthesis and seProtein metabolism, as indicated in Figure 5 , is closely cretion 177), cause pancreatic enlargement 174, 76, 771 associated with regulation of the pancreas in that inand cellular hyperplasia and hypertrophy 178, 791, and creased pancreatic function requires adequate dietary actuate a feedback mechanism for pancreatic growth protein to meet the increased need for sulfur amino mediated by CCK 180). Thus, even though the mouse acids, which may otherwise become limiting. implied pancreas apparently responds to soy Tl on a short-term in this scheme is that when availability of these nubasis in many ways similar to those in the rat, this is trients is low the observed pancreatic response may be obviously insufficient to predict the subsequent develless than that expected from the level of CCK stimulus opment of pancreatic disease in this species. induced by dietary Tl 13, 67, 681. Experimentally, we
Potato Tl produced changes in the pancreas of the observed this earlier, in that cysteine supplementation rat that could not be distinguished from those associof raw soy flour diets preferentially increased panated with soy Tl. in short-term studies, both potato and creatic weight relative to body weight 1421. in the pressoy Tl concentrates, when added to an otherwise adeent study with constant Tl levels provided by soy Tl quate diet, reduced the apparent protein quality of caconcentrate, increasing dietary protein from casein to sein and induced pancreatic enlargement ITable 21. This a level where Tl-induced growth inhibition was no longer suppOrts earlier findings in which potato Tl concenobserved stimulated pancreatic enlargement ITable 41.
trate, like raw soy flour, was able to inhibit growth and The scheme in Figure 5 also implies that dietary supdigestion and increase pancreatic weight and enzyme plementation with methionine, as opposed to cysteine, secretion 1221. in chronic feeding, potato Tl concentrate may be less effective in promoting full hyperplastic waS associated with the formation of preneoplastic and response of the pancreas, depending on the nutritional neoplastic pancreatic lesions-hyperplastic nodules and sCatus of the animal governing the priority of other acinar adenomas-that were similar in histology and needs for methionine. Although this remains to be clearly incidence to those induced by soy Tl concentrate and demonstrated 1421, the need for an increased supply of raw soy flour IFig. 2, 31. This equivalency of action of cysteine in response to TI was shown indirectly in early Tl preparations from two diverse sources is consistent work by Kwong and Barnes 169, 701. They demonstrated with a feedback mechanism that requires only the exthat the rate of conversion of methionine to cystleline istence of strong binding affinity with pancreatic proin rats is increased upon administration of ctystalline teases for activation. Indeed, synthetic, low-molecularsoybean Tl, particularly so in the pancreas.
weight, nonpeptide, proteolytic enzyme inhibitors with The pancreatic changes that occur upon short-term strong anti-trypsin activity, such as p-aminobenzamidietary exposure to Tl are considered to be reversible dine 181, 821, camostate 183-881 and gabexate 1891, have physiological adaptations to the digestive needs of the been shown to elicite the full short-term adaptive reanimal 171-731. With time, however, these changes in sponse in rats associated with feedback control of panthe rat become overtly pathological and irreversible 16).
creatic function, including pancreatic hypertrophy and Histologically, a continuous progression is suggested hyperplasia and the induction of elevated plasma CCK to occur from initial acinar cell proliferation to the levels. In studies with TI derived from soy, purified development of focal hyperplasia and, eventually, neoprotease inhibitor and crystalline Kunitz Tl both proplastic nodules 128, 601. Thus, in rats, the early reversduced pancreatic hypertrophy in chicks and rats 1381. ible pancreatic effects in response to dietary Tl predict In our series of three long-term studies, the induction the eventual occurrence of nodular hyperplasia and aciof pancreatic lesions in rats was closely related to level nar adenoma observed after prolonged exposure.
of Tl activity in the diet, whether the preparation was In the present long-term study, where mice were fed raw soy flour or raw soy protein isolate containing the in parallel the same lots of diets fed to rats, the differfull complement of endogenous inhibitors 1151, exence in susceptibility to pancreatic neoplasia between tracted raw or heated soy protein isolate containing low the two species is remarkable. The three Tl sources, residual Tl activity 1161 or, in the present study, TI soy Tl concentrate, potato Tl concentrate and raw soy concentrate that lacks most of the constituents found flour, each failed to produce the hyperplastic and neoin soy. Although pancreatic nodule and adenoma forplastic changes observed in rats IFig. 2-41 despite simmation by chronic exposure to nonpeptide inhibitors
•
• remains to be demonstrated, these studies with different TI sources and soy preparations suggest that it is unnecessary to postulate the existence of unique factors in soy that act directly as tumor promotors or carcinogens 1901 in order to account for the pancreatic lesions observed in rats.
In conclusion, we propose that factors responsible for species differences in susceptibiliry to pancreatic lesions resulting from dietary exposure to TI reside at three mechanistic levels: 1) variation in the ability of specific inhibitors to interact with the profile of proteolytic enzymes secreted by a given species '\Ild, thus, to activate a pancreatic regulatory feedback system; 2) variation in the nature and extent of the reversible adaptive response of the pancreas to diet, particularly whether hypertrophy and hyperplasia are induced; and 3) variation in the propensiry of pancreatic cells to undergo neoplastic transformation as a consequence of hormonal stimulation leading to an increased rate of cellular proliferation. In the present study with mice, the different response to potato TI relative to that of soy, in terms of less growth inhibition and pancreatic enlargement ITable 5, 91, suggests possible differences in binding affinities between the two inhibitor sources and pancreatic proteases of this species, in contrast to the rat, which responded essentially equally to both TI sources. Differences in protease binding to inhibitors, which are known to occur among species 12, 3, 91, 921, would not seem to account for the observed resistance to the formation of preneoplastic and neoplastic lesions in the case of mice, however. Since pancreatic hypertrophy and hyperplasia result from ingestion of TI by mice, factors in the third category mentioned above, which govern susceptibility to neoplastic transformation in dividing cells, are suggested to determine the difference noted between rats and mice in the present study. An understanding of these factors is necessary for the evaluation of possible risk posed by TI in the diets of humans.
